Additional index words. emerged bamboo shoot, HPLC analysis, storage, temperature, underground bamboo shoot Abstract. Bamboo shoots (Phyllostachys pubescens Mazel) harvested from two cultivation areas were used to investigate the amount of accumulated sugars (sucrose, glucose, and fructose) in four sections along the length of a bamboo shoot. Bamboo shoots harvested from above ground (emerged bamboo shoot) and underground of the same cultivation area were also used to study the changes in sugar content during storage at both 5 and 25 8C. The amounts of sucrose, glucose, fructose, and total sugar of underground bamboo shoots were higher than those of emerged shoots. Sucrose content in the apical section was significantly higher than that in other sections. Meanwhile, higher amounts of glucose, fructose, and total sugar (the sum of sucrose, glucose, and fructose) were observed in the basal section. Changes in sugar content were also observed during storage. The fresh, unpeeled bamboo shoots have particular cellular chemical properties and respond differently to storage duration and condition depending on harvest maturity.
Bamboo shoots are immature, expanding portions of new culms that develop from the rhizome of bamboo plants (Liese, 1998) . Young bamboo culms with compressed internodes and including a culm neck are generally harvested for edible shoots. The edible part of the shoots consists of meristematic tissue with regions of rapid cell division and differentiation, which is enveloped in protective leaf sheaths (Kleinhenz et al., 2000) . Bamboo shoot is a well-known ingredient used in numerous types of Japanese, Chinese, and other Asian cuisine and is important for the human diet. Furthermore, bamboo shoots are commonly available as canned food, although fresh bamboo shoots are far superior in taste and texture. According to importance of bamboo shoots in food material, previous studies on the consumption and nutritional benefits of bamboo shoots have focused on dietary fiber, lipid, fatty acid, protein, and amino acid contents. Postharvest attributes, including water loss, discoloration, and microbial decay, have also been studied (Fuchigami, 1990; Kleinhenz et al., 2000; Kozukue and Kozukue, 1981; Nirmala et al., 2007) .
Sweetness is one of the most predominant factors affecting eating quality of fruits and vegetables. Lu and Xu (2004) have suggested that total sugar content and sugar in the basal, middle, and apical sections of fresh-cut bamboo shoots initially decreased and then changed variably thereafter in different sections of the shoots during storage at 4°C for 16 d. Kozukue et al. (1983) also found that fructose, glucose, and sucrose were the major sugar constituents in all bamboo sections. The content of both fructose and glucose in the basal section was twice as high as in the apical section. These studies showed a difference in sugar content in different sections along the length of a bamboo shoot. However, comprehensive and accurate data on the sugar profiles in various bamboo shoots (four different sections along the length, different harvest maturity, and different cultivation areas) are not available.
Maturity stage at harvest is another determinant influencing compositions, eating quality, and storage life of fresh produce. Although there have been many studies on determining suitable maturity indices, only limited studies have dealt with the relationship between maturity and eating quality of fruit and vegetables (Kader, 1996) . Temperature also plays a major role in maintaining quality after harvest. Lowering temperature reduces respiration as well as other metabolic processes and therefore delays quality deterioration. On the other hand, high temperature accelerates many chemical reactions, causing senescence, softening, loss of nutrition, and other cellular components (Bron et al., 2005; Kattan and Pharr, 1971; Platenius, 1942; Saltveit, 2004) . In unpeeled fresh bamboo shoots, however, the effects of harvest maturity and temperature on the changes in eating quality during storage have not been well analyzed.
Therefore, in this study, the individual sugar contents of bamboo shoots harvested from different maturities (emerged and underground position) were determined. This work also investigates the effects of storage conditions on the changing characteristics of cellular sugar components in bamboo shoots, which, in turn, influence eating quality.
Materials and Methods
Plant materials and treatments. The emerged and underground bamboo shoots (Phyllostachys pubescens Mazel) were obtained from the Kurume (Kamitsu Town, Kurume City; ''A'') and Ohma (Ohma Area, Kitakyushu City; ''B'') cultivation areas (Fukuoka prefecture, Japan) in the commercial harvest on 21 Apr. 2008 (Fig. 1A ). They were immediately transported to the laboratory by a courier system with coolant (5°C, %18 h). On arrival (indicated as Day 0), 36 shoots were selected for experimentation based on uniformity of shape and size. Then, the samples were cleaned by laboratory paper towel. The averages of length (from base to top) and basal perimeter of the unpeeled bamboo shoot samples were 25.1 ± 5.8 cm and 24.7 ± 6.6 cm, respectively. The significant differences of these parameters were not observed among harvesting areas. In this study, one bamboo shoot (four sections as shown in Fig. 1B) represented one replicate. Three replicate samples were used throughout the study. The selected 12 bamboo shoots from both areas ''A' ' (emerged and underground) and ''B'' (emerged and underground) were peeled and %1 cm height from the detached surface was sliced off. Each individual shoot was then cut into four sections from apical to basal along the length of the shoots (Fig. 1B) . The four parts of peeled bamboo shoots from apical to basal were indicated as the first, second, third, and fourth sections. The average length of each section of the peeled sample was 2 to 3 cm. Each section of bamboo shoot (from samples from both areas) was cut into small pieces, weighed, and immediately frozen in liquid nitrogen. The frozen samples were then kept at -40°C until analysis of sugar content. To investigate the changes in sugar content at different storage temperatures and to allow gas exchange and prevent water loss, the remaining unpeeled 24 bamboo shoots from area ''B'' (emerged and underground) were separated into eight groups and kept in closed and unsealed polyethylene bags at 5 or 25°C for analysis at Days 3 and 6. For two temperature treatments used in this study, 5°C is the common cold storage temperature for fruits and vegetables and 25°C is the highest ambient temperature during the harvesting period of bamboo shoots.
Preparation of samples for highperformance liquid chromatography analysis. The sugar determination method used in this study was derived from Pharr and Sox (1984) and Wang et al. (1999) . Briefly, 5 g of the frozen bamboo sample was directly immersed and homogenized with 20 to 25 mL of 80% (v/v) ethanol twice (each for 3 min) at 15,000 rpm (Physcotron homogenizer, Model NS-51, Chiba, Japan). The homogenate was centrifuged at 2525 · g for 10 min (biofuge primo; SORVALL Ò , Osaka, Japan) to yield ethanol-soluble and ethanolinsoluble fractions. The ethanol-soluble fraction was pooled and evaporated to dryness by incubation at 70°C for 3 h and then redissolved in 2 mL of distilled water. These procedures yielded a concentrated suspension to accurately analyze individual sugar content. The soluble fraction was recentrifuged at 16,060 · g for 3 min (biofuge pico; SORVALL Ò ) to give a clear solution and then filtered.
Preparation of standards for highperformance liquid chromatography analysis. Standard solutions (5 mgÁmL -1 and 10 mgÁmL -1 ) of sucrose, glucose, and fructose (Wako Pure Chemical Industries, Ltd., Osaka, Japan) were prepared by dissolving the mixed standards in distilled water.
High-performance liquid chromatography analysis. The mixed standard or sample (20 mL) was measured with a high-performance liquid chromatograph (Shimadzu, Kyoto, Japan). Degassed, distilled, deionized water at 0.6 mLÁmin -1 at 60°C was used as the mobile phase. A refractive index detector (RID-10A; Shimadzu) was used to quantify sugar content after separation with a Shimpack SCR-101N column (Shimadzu).
Data analysis. Analysis of variance with a completely randomized design using bamboo shoot sections or days of storage as a factor was performed using SPSS (SPSS, Chicago, IL). Tukey's multiple-range test was used to test for a significant difference at the 95% confidence level of each variable.
Results
Sugar content among sections along the length of bamboo shoot harvested from different harvesting maturity and cultivation areas at Day 0. The total sugar content for each section of underground samples is approximately twice that of the corresponding section of emerged samples (Fig. 2) . For bamboo shoots harvested from the same area, the statistical t test analysis of each individual section also showed the significant difference of total sugar content between emerged and underground bamboo shoots (data not shown). The contents of sucrose, glucose, and fructose in the underground bamboo shoots were higher than those of emerged bamboo shoots except for sucrose content in the first section of Ohma-underground (Fig.  3) . Additionally, in all bamboo shoots, there was no difference in the accumulation patterns of each individual sugar. For each harvesting maturity (emerged or underground), sugar contents differed in different sections along the length of the bamboo shoot from the apical to the basal section. Higher glucose, fructose, and total sugar contents were observed in the fourth section. Moreover, the sucrose content of the first section in all bamboo shoots seemed to be higher than the other three sections, although a statistically significant difference in sucrose content among sections was only observed in the emerged bamboo shoot from the 'Ohma' cultivation area (Fig. 3C) . Difference in sugar content among sections along the length of bamboo shoot during storage. A difference in sugar content among storage conditions was observed between Days 3 and 6. For all treatments of the emerged and underground bamboo shoots during storage, the highest sucrose content was observed in the first section of all bamboo shoots, whereas the greatest contents of glucose and fructose were observed in the fourth section (Figs. 4 and 5 ). Because these individual sugar content patterns were predominant in all treatments, the sucrose content obtained from the first section as well as the glucose and fructose contents obtained from the fourth section were therefore used to represent the changing characteristics of sugar content during storage between emerged and underground bamboo shoots.
For the emerged bamboo shoots stored at 5°C, the contents of sucrose, glucose, and fructose increased at Day 3 and had declined slightly at Day 6. Sugar contents in the bamboo shoots stored at 25°C had also increased at Day 3 but dropped significantly at Day 6 (Fig. 6 ). In addition, this similar changing tendency was found in the total sugar content. The difference in total sugar among sections was not significant; however, the total sugar content at both storage temperatures (5 and 25°C) seemed to increase at Day 3 and then drop at Day 6 of storage.
For the bamboo shoots harvested from the underground position, the fourth section of the shoots revealed the highest total sugar content at Day 0. Total sugar content then decreased at Day 3 and slightly increased at Day 6 (Fig. 5D ). The sucrose content at both storage temperatures increased at Day 3 and then dropped slightly at Day 6, which is similar to that of emerged bamboo shoots. However, for the underground bamboo shoots, the glucose and fructose contents at both Day 3 and Day 6 of storage were lower than that at Day 0 (Fig. 6 ).
Discussion
Diver (2001) mentioned that once the bamboo shoots emerge from the ground, they quickly become tough and bitter. The higher eating quality of bamboo shoots was also reported when the shoots were gathered at the early growth stage (Liese, 1987) . In Japan, the bamboo shoots are generally harvested when the apical part is just emerged from the ground. Emerged bamboo shoots are commercially available in the markets and popular among Japanese consumers. However, our results showed that the contents of sugar in the emerged bamboo shoots were lower than those in underground bamboo shoots harvested from the same area (Fig. 2) . It suggests that the bamboo shoots harvested from the deeper position beneath the ground surface is sweeter than the emerged bamboo shoots. This finding helps us to better understand how bamboo shoot quality is affected by harvest maturity. The particular characteristic of cellular sugar content observed in this study possibly could be used as one of the aspects to indicate the maturity of bamboo shoots. Moreover, because good eating quality of bamboo shoots attracts consumers' preference, the improvement in growing techniques to yield high-quality underground bamboo shoots is greatly recommended and should be taken into consideration for further practice and research. Additionally, for fast-growth bamboo shoot, the rate of daily expansion of the emerged bamboo shoots was vigorous (a constant daily growth rate of %7 cm was maintained until the final height of %220 cm) simultaneously to high respiration rate (Luo et al., 2007; Magel et al., 2005) . Although sugars are highly accumulated in underground bamboo shoots, the emerged bamboo shoots may greatly use their accumulated sugar to support active shoot growth, elongation, and respiratory processes.
In previous reports, Kozukue et al. (1983) suggested that fructose, glucose, and sucrose were the major sugar constituents in all bamboo shoot sections. The contents of both fructose and glucose in the basal section were twofold greater than that in the apical section. From our results, it is clear that there is a high degree of sucrose accumulation in the apical section, and glucose and fructose contents were highest in the basal section. These differences might be the result of the different physiological and biochemical properties among sections along the length of the shoot depending on each section's specific histology. It has been suggested that the accumulated sugar enables elongation of the bamboo tissue, which appears to be induced by changes in the solute potential (Cosgrove, 1986; Hoffmann-Benning et al., 1997; Magel et al., 2005) . Because photosynthetically active leaves do not develop before full culm expansion (Nath et al., 2004) , the new bamboo culm hardly contributes by itself to biomass accumulation. In addition, during cell expansion, the culm itself is covered by a compacted layer of culm sheaths with barely any net rate of assimilation. Consequently, the growth and development of an expanding culm have to be supported by internal supplies of carbon that are distributed from storage tissues of the rhizome and storage tissues of the previous year's bamboo culm. Because the apical region of plants, including bamboo shoots, have high rates of cell division and expansion and thus greater sink strength, combined with the ability of a sink organ to attract sucrose. These might explain the greater accumulation of sucrose content in the apical section of bamboo shoots.
For the underground bamboo shoots, the changing pattern of sucrose content was similar to that of the emerged bamboo shoots. However, the highest contents of glucose, fructose, and total sugar were observed at Day 0 and then decreased at Days 3 and 6 (Figs. 5D and 6 ). Before a new bamboo culm is able to assimilate carbohydrates, its growth depends on the accumulated substance from older culms, which are either stored in the rhizome or transported directly from the older culms to the growing shoot (Liese, 1998) . Our results also suggest that there were higher sugar contents in the underground bamboo shoots as compared with the emerged bamboo shoots. From this point of view, the accumulating mechanism of carbohydrates in bamboo shoots might be different between harvest maturity stages. In the immature underground bamboo shoots, surrounded by a soil environment, the transported carbohydrates might accumulate as sugars rather than as other forms, and they may be used directly as a major substance to support cellular metabolism during storage after harvest (Kays, 1991) . Moreover, the results suggest that at Day 6 of storage, the sugar content of bamboo shoots stored at 25°C was lower than that of bamboo shoots stored at 5°C. It can be assumed that the lower storage temperature may slow the loss of sugar content in postharvest of bamboo shoots. Previous studies indicated that shelf life of bamboo shoots could be extended by reducing storage temperature and high-temperature conditions could enhance sugar use and respiration of the cell. Postharvest deterioration and changing in cellular components, including discoloration, browning, lignification, and increased PAL activity, were also observed in bamboo shoots stored at relatively high temperature (Chen et al., 1989; Matsui et al., 2004; Shen et al., 2006) . On the other hand, a low temperature seems to slow cellular respiration and quality deterioration (Bron et al., 2005; Jones, 1942; Kattan and Pharr, 1971; Platenius, 1942; Saltveit, 2004; Zhang et al., 2002) .
Storage of fruits and vegetables after harvest led to the changes of reducing sugars (fructose and glucose) and sucrose. Sucrose loss is accelerated by storage at room temperature (20 to 25°C) and inhibited by lower temperature (Itai and Tanahashi, 2008 ; Lamikanra et al., 2000; Mao et al., 2006; Shono et al., 1997) . A rapid loss of sucrose content was also observed in tips of harvested asparagus spear during storage at 20°C for 5 d (Irving and Hurst, 1993) . However, from our results, the sucrose content in the first section of emerged and underground bamboo shoots increased significantly after 3 d of storage whether in 5 or 25°C (Figs. 4 , 5, and 6). So far, there are no referenced data on this changing characteristic in sucrose content of bamboo shoots. The detachment of a young bamboo shoot from a parent plant might inhibit use of sucrose and synthesis of cell wall polysaccharides, whereas there still might be support of translocated sucrose from lower portions to the top of the shoot. On the other hand, a high content of sucrose in the first section of a bamboo shoot might be the result of some recombination of reducing sugars (glucose and fructose) to sucrose during storage (Rutherford, 1981) . Overall, the changing characteristics of sugar content observed in this study reveal the specific accumulation patterns of individual sugars among four sections along the length of a bamboo shoot. Sucrose content was predominant in the tip section of bamboo shoots, whereas glucose and fructose content were high in the basal part. During storage, lowering temperature seemed to slow the loss of sugar contents, and sucrose of all bamboo shoots particularly seemed to increase after 3 d of storage. In addition, our results suggest that the maturity at harvest plays an important role in quality of fresh bamboo shoots according to the different patterns and contents of sugar accumulation observed between the emerged and underground bamboo shoots. Further study on the relationships between carbohydrate metabolism and cellular physiology in various bamboo shoots (cultivars, harvest maturity, soil conditions, cultivation areas, and so on) as well as the shelf life extension should be considered.
